The Treponema pallidum tro operon encodes a multiple metal transporter, a zinc-dependent transcriptional repressor, and a semi-autonomously expressed phosphoglycerate mutase.
The Treponema pallidum tro operon encodes an ABC transporter (TroABCD), a transcriptional repressor (TroR), and the essential glycolytic enzyme phosphoglycerate mutase (Gpm). The apparently discordant observations that the solute binding protein (TroA) binds Zn2+, whereas DNA binding by TroR in vitro is Mn2+-dependent, have generated uncertainty regarding the identities of the ligand(s) and co-repressor(s) of the permease. Moreover, this operonic structure suggests that Gpm expression, and hence glycolysis, the sole source of ATP for the bacterium, would be suspended during TroR-mediated repression. To resolve these discrepancies, we devised an experimental strategy permitting a more direct assessment of Tro operon function and regulation. We report that (i) apo-TroA has identical affinities for Zn2+ and Mn2+; (ii) the Tro transporter expressed in Escherichia coli imports Zn2+, Mn2+, and possibly iron; (iii) TroR represses transporter expression in E. coli at significantly lower concentrations of Zn2+ than of Mn2+; and (iv) TroR-mediated repression causes a disproportionately greater down-regulation of the transporter genes than of gpm. The much higher concentrations of Zn2+ than of Mn2+ in human body fluids suggests that Zn2+ is both the primary substrate and co-repressor of the permease in vivo. Our data also indicate that Gpm expression and, therefore, glycolysis would not be abrogated when T. pallidum encounters high Zn2+ levels.